Fig. 1. A hybrid installation DMG MORI LASERTEC 65 3D.
Such approach, with alternating use of different methods of processing in the same working place (weld deposition and mechanical processing) makes it possible to manufacture complex-configuration parts with accurate size and geometry, as well as with good quality of surfaces. However, this solution has rather significant drawbacks of its own. Firstly, the process of direct build-up is carried out in the main working position of the processing center with the use of precision drives of the machine-tool (the feeding mechanism with the tolerance up to several microns is used for build-up of elements with the tolerance of hundreds of microns), and high hardness, which is not very feasible, from the technical point of view. Secondly, in the operating zone of precision drives of the machine-tool, up to ten or more kW of thermal power is emitted, which definitely causes a significant decrease in the total life cycle of the machine-tool modules due to overheating. Thirdly, the process of the part build-up by direct depositing is accompanied by diffusion of thin powder in the operating zone, with its highly abrasive properties, which also shortens the life cycle of the machinetool. Fourthly, with small-series manufacturing, it is not possible to use experiments to thoroughly adjust the technological process for each part, so significant internal stresses can form, which may cause defects and cracks (usually, stresses are detected in laboratory conditions and relieved by the corresponding thermal processing).
Analysis of the above-listed problems makes it possible to suggest the following scientific-technical measures to improve the efficiency of hybrid technologies. For example, to improve the efficiency of using precision drives of the processing center for hybrid technologies, we suggest introducing an additional working position with a turntable of the normal accuracy, a system for repositioning a part installed on a satellite from one position to the other and back, as well as a technological robot-manipulator of the normal accuracy equipped with a laser head for powder, wire or tape weld deposition. A dedicated zone for 3D depositing makes it possible to separate the zone of mechanic processing so as to eliminate the negative influence of the powder and high temperatures on the mechanisms and units of mechanic processing modules. In order to prevent defects, cracks and unacceptable stresses, it is necessary to install the means to monitor stresses, such as an X-ray diffractometer or an ultra-sound device in the additive module. Additionally, this module can be equipped with inductive heaters with changeable inductors for thermal processing of the most responsible elements of the manufactured article.
In order to enable selective influence on the structure of the material of the manufactured part, the technological complex can be equipped with a vibrational module for transmitting oscillations to the zone of metal melting, which will have the required effect on the process of crystallization [5] [6] [7] . In Fig. 2а , we can clearly see dendrites of the first, second and third kind, whereas, with using vibrational processing (400 Hz), in Fig. 2b , only dendrites of the first and the second kind can be seen. Their number is also significantly smaller than in the case of weld deposition without using vibration. Also, it can be added that, when using vibration, the average hardness of the material was 10 % higher (Brinnell scale).
The above-listed measures can improve the efficiency of processing complexes for hybrid technologies.
The work for developing a hybrid complex was divided into 2 stages. During the first stage, only the module for additive build-up of articles was created. It consists of a source of laser radiation, a weld deposition head, a powder feeder and a robot-manipulator.
The weld deposition head is the main working organ of the DED installation combining several systems: a system for laser beam focusing, a cooling system, a material feeding system and control systems (sensors, cameras etc.).
The main purpose of the head is feeding powder to the melting zone. The most widely used variants of the system are as follows:
-lateral single-jet -the powder is fed from the side. As a result, the deposited bead is elongated. The process must be strictly vertical.
-multi-jet (usually, three or for jets) -feeding from several nozzles. It is a modification of the lateral feeding method that ensures symmetrical feeding of the powder relative to the direction of movement. This method of feeding is not sensitive to the movement direction relative to powder feeding and allows inclination of the head in a wide range, up to 45 degrees from the vertical.
-coaxial -the powder is fed with a coaxial laser beam. It ensures the thinnest gas-powder stream, and, therefore, the deposited bead. It ensures the best material use factor. The process must be strictly vertical.
Therefore, the preferred tool is the multi-jet weld deposition head manufactured by the company Fraunhofer. It allows the processing angle up to 90 deg., the laser beam power up to 5 kW, and the best factor of material use (up to 95%).
In comparison with CO2-lasers, optic-fiber lasers have 2-3 times higher performance index (about 25-30%) and require smaller operating costs. From this viewpoint, optic-fiber lasers are more cost-efficient, despite their higher price.
In Russia, industrial optic-fiber lasers are only manufactured by STA "IRE-Polus" (Friasino, Moscow district) that is a part of "IPG Photonics Corp." -an international scientific-manufacturing group of the Russian origin. The share of IPG is above 75% of the world amount of optic-fiber lasers production, with most types of optic-fiber lasers that are of the most relevance for industrial use, in particular, in the kilowatt power range, are only manufactured by IPG Photonics.
Due to the selection of the particular weld deposition head, an optic-fiber laser ЛС-3 was used -maximum power is 3 kW, wavelength is 1070 nm.
At the present moment, there are a lot of companies in the market that manufacture modules for feeding gas-powder mixture. They all are based on the same principle: the powder is transported by gas (Argon or Nitrogen depending on the weld deposition material). Powder feeding is controlled by a rotating dosing disc. With increasing rotation speed, the system receives a larger volume of powder. As a result, the powder feeder with two flasks was selected (manufactured by the company "Plaqart").
For the manipulator, the industrial robot Fanuc M20i was selected. Due to its loading capacity, the large number of degrees of freedom and accurate positioning. Fig. 3 shows an installation assembly with a protective cover. For creating a digital model and adjusting the technology, the CAM system "SprutCam" was used. Basing on the parameters of the process (track thickness and width, speed of movement, article geometry) this software develops strategies for the robot to move the weld deposition head (Fig. 4) . 00059 (2018) https://doi.org/10.1051/shsconf/20184400059 CC-TESC2018
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The software makes it possible to: -develop the strategy of additive manufacturing of the article; -develop the strategy of repairs of the article; -develop the strategy of coating application. Fig. 4 . Interface of the software complex "Sprut" for creating a digital model for manufacturing.
In the future, the software complex "Sprut" can also be used for a hybrid system. Fig. 5 shows a variant of the structural scheme of the hybrid complex. This algorithm is not final. Similarly to the module for gas-powder weld deposition, modifications are possible, in particular, modernization of the hybrid system.
